INTRODUCTION
This study activity responds to ESA's "Advanced LIDAR Concepts" proposal for the development of advanced Light Detection & Ranging (LIDAR) technologies, in particular for the use of large aperture telescope to retrieve a sufficient signal with a moderate power laser transmitter. The first part of the paper describes the study development, starting from the requirements analysis up to the selection of the best solution or base line amongst various candidates. To achieve the requirements for a 7 m 2 collecting aperture telescope, with less than /3 wavefront error when operative after launch and deployment, a thin deployable mirror active primary telescope has proven to be the most suitable solution after an extensive trade-off. The proposed structure is a segmented primary mirror, composed of a very rigid carbon-fiber composite back-plane and a thin Zerodur glass shell supported by a set of high efficiency electromagnetic, actively controlled actuators. Since the overall results show near diffraction-limited performances, the proposed technology has also the potential to be extended even further from the specifications of the present project, such as for high performance imaging from a large telescope for astronomic applications.
SPACE LIDAR TELESCOPE DESIGN
The preliminary study considered three possible solutions for a space lidar telescope, taking into account the mission requirements, listed in Tab. 1 The first solution is a multi pupil system, with a set of seven small on-axis afocal telescopes. This idea was early discarded because of its high costs, volume and mass, besides the difficulty in keeping the relative alignment. The second concept is based on a single pupil off-axis afocal telescope, but it is critical for tolerances and the filter specifications are not completely fulfilled. The last configuration is a single pupil on-axis afocal system, consisting of an on-axis afocal telescope with auxiliary optics. This solution is the baseline configuration, satisfying the requirements in Tab.1 with advantages of reduced volume and costs.
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Baseline solution
The optical design consists of a double afocal telescope (two mirrors-four reflections), followed by a beam splitter that divides the beam in two parts, one going to the filter stage, while the other is focused by a spherical lens to the wavefront sensor stage. The components are: two parabolic mirrors (first afocal telescope), where the beam impinges twice per mirror, a beam splitter, a spherical lens and three folding mirrors as shown in Fig. 1 .
Fig. 1. Baseline optical configuration
Distance between primary and secondary mirrors is 3.15 m, maximum aperture is 4 m and the auxiliary optics size fits the rear box dimension (yellow box in Fig. 6 ). The configuration was analytically studied at first order and optimised at the third order before the final optimisation and ray tracing simulation of performances, which was done with ZEMAX ® EE software.
The image quality on the wavefront sensor stage is diffraction-limited all over the FOV, with 80 m Airy disks diameter. Strehl ratios are 100% on-axis and 97% at maximum FOV [1] . Also the quality image on filter stage satisfies the requirements (Fig. 2 ).
TOLERANCE ANALYSIS RESULTS

Tolerance budget
The sensitivity analysis has evidenced that the secondary mirror is the most sensitive element; consequently, the secondary mirror determines the error budget [2] . The results are summarized in Tab. 2, which describes the maximum errors that a parameter (radius, thickness) of an optical element must have to satisfy the requirement on wavefront sensor, which is the most critical.
Tab. 2. Tolerance budget for baseline configuration. 
TOLERANCE BUDGET
Wavefront error estimate
Propagation of wavefront error shows that to obtain a /3 wavefront error w on the filter stage, the surface error on primary mirror must be M = /8 for baseline configuration. This value is difficult to obtain for a large area space mirror, thus evidencing the necessity of an active feedback control of this surface ( § 5.2).
STRAY-LIGHT AND BAFFLING
Baffling an optical system is required to reduce the propagation and detection of undesired flux, generally named "Stray-light" [3] . The term "out-of-field straylight" indicates the light scattered by optical surfaces, by mechanical structures and interactions between them, when the light source is seen at various off-axis angles. The baffles modelling has been made with ZEMAX ® EE optical software using a non sequential ray tracing to allow: a) analysis of the scattering from all surfaces behind and forward the defined light direction; b) insertion of coating on surfaces taking into account the scattering also from non optical surfaces as baffles, spiders and other mechanical
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structures [4] . A first order correction of the stray-light was performed to design the baffles on M1 and M2 to minimize the direct light that reaches the detector without interacting with the mirrors (Fig. 3 ) [5] . The non-sequential analysis of the optical system has been implemented with the study of the double reflections due to the direct and indirect scattering on the optical surfaces and on the baffles on M1 and M2. All double reflections have been evaluated with a scanning step of 0.05 deg. The most critical double reflection is between M1 and M4 (in a narrow range of angles around 0.3 deg). To eliminate this contribution, a third conic internal baffle has been inserted on M3. 
Point source transmittance of the instrument
The Point Source Transmittance (PST) curve of the instruments quantifies the radiometric transmission in the FOV and evaluates out-of-field stray-light. The parameters for the analysis are summarized in Tab. 3. The PST of the telescope is reconstructed moving a flat source at several off-axis angles and reporting the value on the detector normalised to the primary effective area [6] . When the off-axis angle is in the optimised FOV of the telescope (i.e.± 0.00324 deg) we have an information on the efficiency of the optical system referred to the effective area of the primary mirror. In the range between 0.003 deg up to about 0.012 deg the light normally reflected by the optical system decreases and from 0.012 deg up to 69 deg the light reaching the detector is only the scattered component.
The scattered light comes from gold-coated mirrors, from the spiders and from back shade behind the primary mirror. When the three baffles on M1, M2 and M3 are inserted, the central obstruction increases and the efficiency in the FOV decreases from 86.6% to 73.7% but at the same time the level of scattered light in the out-of-field range changes from a mean value of 10 -4
up to 10 -8 . This large decrement in the stray-light is important to increase the signal-to-noise ration, which improves the LIDAR detection and permits a good wavefront sensing. Fig. 4 shows the PST of the system with/without baffles. 
Integral of the stray-light from Earth
The total stray-light coming from the in-field and outof-field irradiance due to the back scattering from Earth atmosphere is the integral of the transmission resulting from the model for field angles from 0 deg up to about 69 deg [7] [8].
Tab. 4. Parameters for the numerical integration. Therefore, the main result is that the contribution due to the out-of-field stray-light is about 1.38 % with respect to the in-field background, so the off-field stray-light is negligible with respect to the signal background.
MECHANICAL STRUCTURE AND ACTIVE SURFACE CONTROL
The proposed mechanical design for the LIDAR telescope is based on a typical Cassegrain architecture with deployable primary mirror and fixed secondary. The key features of the design, and current goal for the preliminary design, are: Large optics (total available primary mirror surface about 10 m High wave front quality (< /3). The deployable mirror technology under study allows obtaining a large area for observation using a compact stowing volume, compatible with ROCKOT class launchers [10] . Fig. 5 shows the stowed and Fig. 6 deployed configuration, highlighting some satellite subsystems and the launcher overall dimensions. It can be seen that the overall architecture is a standard for this kind of telescopes, based on high stability CFRP (Carbon Fiber Reinforced Plastic) structures deployed with precision hinge systems. For the current baseline of the satellite design, the forward and rear petals deployment kinematics has been selected, in order to guarantee the best compromise between the deployed surface and the deployment simplicity. The current trade-off between preloaded linear revolute joints, tape-spring rolling hinges, active deployment mechanisms, indicate also that Elastic Memory Composite (EMC) actuators [11] can be a suitable actuator associated to a rod kinematics ( Fig. 7-8) , to obtain a highly precise deployment (the error can be simply recovered by the actuator) with the required reliability. The presented concept can be scaled up using more complex mechanical deployment schemes, that, once proven the capability of the locking and actuation system of the thin mirror, could lead to very large and lightweight space optics with a substantial cost reduction for their manufacturing integration and testing. Fig. 8 . EMC actuator example in the stowed and deployed configuration.
Electrostatic locking
The innovative approach for the primary mirror is based to the coupling of a thin Zerodur mirror optical surface 1 mm thick with a lightweight CFRP back-
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Noordwijk, Netherlands 27-30 June 2006 plane and supporting structure. A major problem is how to preserve the integrity of the glass shell in the harsh environment of the launch. We propose to use electrostatic force for attracting the glass (suitably coated with a conductive coating on its back face) toward the back plane, in turn coated with a conductive layer and an insulating layer of high dielectric constant (Mylar) interposed. This method is particularly promising due to the low power consumption and to the low "extra material" budget it requires. For an average insulation thickness of 10 m, = 4 and 100 V potential difference, the attractive force is ~7000 N/m 2 , while the mirror mass is ~ 2.5 kg/m 2 . The mirror would detach (axially) from the back plate only with an acceleration of ~ 285 g. For a reasonably high friction coefficient (>0.3) also the lateral motion would be prevented for accelerations of ~ 100 g. As the "gluing" force depends critically on the thickness (and on possible gaps between glass and back plate) in the electrostatic "sandwich", it is needed to assure that the insulating layer is of constant thickness and in contact with the (conducting) back surface of the thin mirror. The necessary good matching between glass and back plate could be obtained with a replication technique that will be studied and demonstrated experimentally. 9 shows the Electrostatic Locking conceptual layout that can be able to assure the mirror survivability at launch. Then the mirror is activated by a set of electromagnetic actuators that shall control its shape to the desired shape accuracy.
Active control analysis
After release of the thin mirror from the back plane a set of actuators shall recover the shape error using an active control system able to guarantee < /3 wave front quality using very low power. The main structural deformations are caused by deployment error; mirror manufacturing error and thermal deformation. The active control of the segmented primary mirror relies on the interaction between several independent systems that concur to implement a closed control loop: a) the reference signal that comes from the retroscattered light of two laser diodes mounted on the satellite, focused on the ground by the Lidar telescope and collected by the optical system to be controlled, b) the wavefront sensing system that measures the aberration of the collected wavefront, c) the computer where a control algorithm takes care of translating the measured optical data into electrical signals that drive the actuators, and d) the mechanical actuators that apply forces to deform the mirror. The designed actuators are able to recover all these errors guaranteeing the required optical performance with really low power consumption (fraction of Watt per actuator). The current electromagnetic actuator design is showed in Fig. 10 . The actuator design depends on a long experience of active secondary mirrors on ground-based telescopes [12] . To the purposes of the present application, it has been developed according to the following guidelines. 1. Size and mass. The actuators pitch (spacing) on each petal was consolidated by preliminary optical and dynamics analysis. It resulted that such spacing would not be smaller than hundreds mm, 250 mm in the present layout. The actuator diameter is set to about 25 30mm. This is going to allow easier and safer prototyping and testing of the actuator, in particular for what concerns the position (capacitive) sensor implementation. Actuator overall length will be tuned to maximize both electromagnetic efficiency and sensor resolution, with the constraint of the mass budget for each petal. 2. Guiding. The actuator concept presented relies on a precise guiding of the mobile equipment (holding the magnets) with respect to the fixed frame (coil bobbins). The baseline idea is to use a pair of axial bearings to guide the two parts. The drawback of such approach is the possible non-linear effects introduced into the position control by bearings stick-slip. Preliminary measurements confirm this is not a problem if the control loop has sufficient bandwidth. electronics and actuator power driver. Electromagnetic efficiency is expected to be of the order of 1 N/sqrt (W) which will provide up to 200 mN force per actuator on the mirror.
ALIGNMENT AND STABILITY
A critical point concerns the strategy to align each segment of the mirror with the others, having in mind the limited capability of wavefront sensors when we call for correction of piston-induced aberrations. This problem is more critical just after deployment because the relative positioning of each segment relies only on the accuracy of the hinges, which cannot be as good as requested by the range of correction of piston aberration. We propose to use a composed metrology system that recovers the accuracy needed to reach the range where the control loop can take charge of the aberration control. Each actuator has its own metrology (based on capacitive sensors with a sensitivity of the order of a few nanometers), giving the relative position of the mirror patch and the backplane with high accuracy. The facing sides of the backplanes have capacitive sensors that can be calibrated up to a few micrometers. After the deployment, we take the central segment of the mirror as starting point to align all the other segments; the first step is to measure the linear and the angular displacement relative to the two segments and to use these information to move the actuators up to get an alignment between the mirror segments that is less than 15-20 m. The procedure is extended to the full set of segments, and can be repeated if necessary. To reach the needed accuracy, we propose to exploit the retro-scattered optical signal coming from two light beams at two slightly different wavelengths ( 1 and 2 ) as a probe for the sensing system to reach the control range of the wavefront sensor. The wavefront sensor has an output that is a sinusoid when we shift the piston error between two segments of one wavelength. When the output is exactly a null at 1 , the piston error is a multiple of that wavelength; at this point, if we fire the second laser that has a slightly different wavelength 2 , we can easily detect the sign of the piston error from the wavefront sensor. After commanding a translation of one wavelength, we can fire again the 1 laser to repeat the search of null position, the 2 laser to find the error sign, and so on up to the convergence of the process, when the wavefront corrector is inside its capture range.
